In this article, we will give a brief introduction to the topological insulators. We will briefly review some of the recent progresses, from both theoretical and experimental sides. In particular, we will emphasize the recent progresses achieved in China.
Topological insulator (TI) has drawn extensive attentions recently in the field of condensed matter physics, not only because of its fundamental importance but also because of its potential applications for future technology. One of the most simple and distinct properties of TIs is that it is electronically insulating in bulk while conducting along its boundary (for examples, edges in two dimensional systems and surfaces in three dimensional systems), due to the topologically unavoidable gapless boundary states. The existence of metallic boundary states is very robust, and they are protected by topological invariants. Though this property is in sharp contrast to our general knowledge on normal insulators or simple metals, similar phenomena has been observed and well-known since 1980, due to the discovery of quantum Hall effect (QHE) [1] . In QHE, electrons in two-dimensional (2D) materials are enforced to change its quantum state into a new one, so called Landau energy level, under highly intensive magnetic field. The original free-electron-like conducting electrons start to make cyclotron motion. It is easy to understand that in the bulk of the material, full circle cyclotron motion leads to electron localization, resulting in an insulating bulk. While along the edge of the 2D system, the circle motion of electrons enforced by the magnetic field can not be completed due to the presence of edge, which make the electrons travel in a way forming so called edge state, and electrons in such state can circumambulate defects or impurities on their way "smartly" (due to the absence of back scatterings). Therefore, current carried by these electrons is dissipationless and conductance is quantized into unit of e 2 /h with quantum number corresponding to the number of edge states. Such fascinating quantum state and physical phenomena are highly interesting and impact the whole field of physics. Since then, people started to realize that this is a new state of quantum matters and it should be characterized by topology of electronic wavefunctions. This topological number can be evaluated from the formula given by D. J. Thouless Insulator possessing this kind of quantum state is coined as "topological insulator" by J.
Moore and L. Balents [5] . From the non-interacting single particle picture, in the bulk of TIs, the occupied electron-bands are well separated from the unoccupied electron-bands by a energy gap at Fermi level. However, due to the bands "twisting", the occupied states are topologically non-trivial, and contribute to a non-zero Z 2 integer number. If there are edges or interfaces formed between two insulators with different Z 2 number, there must appear conducting edge states. The insulators which has "twisted" bands are therefore very much different from normal insulator or vacuum with "untwisted" bands. Compared with QHE, 2D TI has at least two edge states for each edge, due to the time reversal symmetry. The electrons in two edge stats must have opposite spins, and they must travel in opposite directions. This is exactly the quantized spin Hall effect [6] , therefore, 2D TI is also called as quantum spin Hall insulator.
Though graphene is predicted as a prototype 2D TI, Y. Yao et al. found that the spinorbit coupling in graphene is negligibly small [7] and pointed out that the bulk insulating gap is too small to observe quantum spin Hall effect. In 2006, B. A. Bernevig, T. A.
Hughes and S. C. Zhang [9] theoretically predicted that the HgTe quantum well can be tuned into topological insulating phase and its edge states can give out quantum spin Hall effect. They also established an intuitive model hamiltonian to describe the topological phase transition driven by "band inversion". Soon in 2007, quantum spin Hall effect shows 3 up in HgTe quantum well insulator just as predicted in the experiment done by M. König et al. [10] . And a detailed tight-binding model study on HgTe is given by X. Dai et al. [11] .
Recently, C. C. Liu et al. proposed that Silicene [8] with low-buckled sheet structure with enhanced spin-orbit coupling might show detectable quantum spin Hall effect, which might be suitable for applications in spintronic devices since it is compatible with current siliconbased microelectronic industry.
II. SEARCHING FOR THREE-DIMENSIONAL TOPOLOGICAL INSULATORS.
Nearly on Sb surface, where they observed that the topological surface states can penetrate the atomic steps instead of being reflected or absorbed as in common metals.
III. OPENING GAP ON SURFACE STATES: TOWARDS APPLICATIONS
Many of the potential applications of TIs are related to the gap opening of topological surface states. Some of the possibilities will be discussed in this section. Since time reversal symmetry is conserved in 3D TI, there should be two Dirac cones according to fermion doubling theorem [48] . They are in fact located on the opposite surfaces, which are well separated by the insulating bulk. W. Zhang et al. [38] It is further proposed that the quantum anomalous Hall effect is a direct observable effect in quantum well of Hg 2 CrSe 4 , which might be confirmed by future experiments.
Besides these, breaking gauge symmetry due to proximity to a superconductor can also open a gap on topological surface states. L. Fu and C. L. Kane [66] proposed that the proximity effect between an s-wave superconductor and the surface states will result in a 2D
state resembling a spinless p x + ip y superconductor without breaking time reversal symmetry. This state supports Majorana bound states at vortices. Majorana fermions are particles which are their own antiparticles [67] . They constitute only half of a usual fermion, and obey the non-Abelian statistics [68] , which is the key ingredient for the fault-tolerant topological quantum computation [69] . The experimental setting can be in principles obtained from laboratory, however, since most known 3D TIs are not good bulk insulators and important surface states may overlap with bulk states, experiments have to wait for development of well-controlled clean samples. On the other hand, a well matched interface between TI and s-wave superconductor is required to get large proximity effect. The discovery of high pressure induced superconductivity in TI Bi 2 Te 3 [70, 71] has given some hope in realizing topological superconductivity in one compound to overcome this problem. It was also proposed that semiconductor quantum wells with Rashba type spin-orbit coupling in proximity to s-wave superconductor will produce similar effect [72] [73] [74] . This may lower the experimental threshold, since well-controlled samples are available nowadays. These proposals are encouraging, while experimental obstacles still remain. First, magnetic insulating layers or strong external magnetic field are required to break the time reversal symmetry, which is not easy to implement experimentally; second, the Fermi surfaces in both cases are too small, and fine control of chemical potential is difficult for semiconductors in contact with a superconductor. Using half-metal with odd number Fermi surfaces instead of TI or semiconductor quantum well is then proposed [75] [76] [77] to overcome the above difficulties. The asymmetric interface between half-metal and s-wave superconductor induces Rashba type spin-orbit coupling as the case using semiconductor quantum well. H. Weng et al. [78] have proposed that NaCoO 2 is the right material to realize this. They find that NaCoO 2 itself is insulating while its surface is half-metalic and has just one single large Fermi surface. The exchange splitting is as large as 0.2 eV, which simplifies the tuning of chemical potential.
These make it a promising candidate for experimental setting up to find Majorana fermion.
